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On the right is one of the large copper 
single crystals which was grown by a 
method developed by physicists in the 
Cryogenics Division. On the left is a 
finished sample cut from a similar 
large boule. 
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Physicists at the NBS Institute for 
Materials Research Cryogenics Divi- 
sion in Boulder, Colo., have developed 
a method to grow large single crystals 
of copper.’ The effective electrical 
purity of these single crystals exceeds 
that of any such crystals previously 
grown. Alan J. Clark, John J. 
Gniewek, John C. Moulder, and Rob- 
ert L. Powell prepared the crystals 
as part of a comprehensive Institute 
program designed to further man’s 
understanding of the basic properties 
of materials through the preparation 
and study of pure substances. 

High-purity crystals have been of 
particular value for the study of trans- 
port properties, band structure, and 
the Fermi surface of metals. As metals, 
like most solids, are crystalline in na- 
ture, much research activity in solid 
state physics has been devoted to un- 
derstanding the properties of single 
crystals. However, until the recent im- 
provements in techniques were devel- 
oped, copper crystals could not be ob- 
tained that were of sufficient purity for 
many galvanomagnetic measurements. 
The crystals prepared in this study 
have an impurity content of only a 
few parts per million. 

High-purity (99.999 percent) cop- 
per with a typical resistivity ratio of 











1000 between 300 and 4 °K is used as 
the starting material. A modified 
Bridgman technique is used to grow 
the crystals. In this technique the cop- 
per is placed in tapered quartz cru- 
cibles lined with a thin layer of graph- 
ite and melted under high vacuum 
(10-° torr). A temperature gradient is 
established to cause crystallization. 
The resulting crystals are 2.9 cm in 
diameter and about 3.2 cm long and 
have typical resistivity ratios ranging 
from 1500 to 4000. 

The crystals thus produced are 
heavily etched, further heat treated at 
1273 °K (1000 °C) under a control- 
led low pressure for about 5 days, and 
then cooled slowly for about 1 day. 
The resistivity ratios of the crystals 
after this treatment range from 15,000 
to over 40,000. 

Selected samples, cut from indi- 
vidual copper crystals, are currently 
being used by Drs. Clark, Powell, and 
Richard H. Kropshot (another mem- 
ber of the Institute’s cryogenic staff) 
to measure resistance changes within 
a magnetic field and boundary scat- 
tering size effects at temperatures 
ranging from 4 °K (—269 °C) to 
76 °K (—197 °C). To aid in the 
interpretation of results from these 
studies, Dr. Powell is using Fermi sur- 
face theory. Thus far, useful infor- 
mation has been gained on anisotropy 
of the electronic mean free path in 
copper. 

The growth and characterization of 
large, high-purity single crystals of 
copper by Institute scientists is ex- 
pected to permit more advanced re- 
search into the basic properties of 
materials and to new metallurgical 
techniques in crystal growth indus- 
tries. 


‘For further information see a_ preliminary 
report, Preparation of copper crystals with low 
electrical resistivity, by John J. Gniewek and 
Alan J. Clark, J. Appl. Phys. 36, No. 10, 3358 
3359 (Oct. 1965). 


107 





Reflection Coefficient 
Magnitude Measurements 
Improved by 


COAXIAL 
REFLECTOMETER 


For accurate measurement of very small values of reflec- 
tion coefficient magnitude, ||, in coaxial transmission line 
systems, the Radio Standards Laboratory (RSL), Boulder, 
Colo., of the NBS Institute for Basic Standards has devel- 
oped an all-coaxial waveguide reflectometer system. A 
calibration service ' is available in the frequency range of 
1 to 4 GHz. 

Reflectometer techniques have been used extensively for 
a number of years to measure reflection coefficient magni- 
tude in both rectangular and coaxial waveguide systems 
at frequencies of 4 GHz and above. For lower frequencies 
such systems become impractical in rectangular wave- 
guides because of the large sizes required. Prior to the de- 
velopment of the all-coaxial reflectometer, coaxial slotted 
lines were the principal tool used for measurement of |T' at 
frequencies in the vicinity of 4 GHz and below. Slotted 
lines, however, have accuracy limitations due to inherent 
structural imperfections which introduce appreciable un- 
certainties. This combination of circumstances constituted 
a deficiency in measurement capabilities for small values 
of || in the 1 to 4 GHz region, and the all-coaxial reflec- 
tometer was developed to meet the measurement needs in 
this particular area. 
























An urgent need for more accurate measurement of 
small values of reflection coefficient magnitude in te 
1 to 4 GHz range arose in connection with the deve! p- 
ment of specifications for precision coaxial connectors »y 
the Technical Subcommittee on Precision Coaxial C»n- 
nectors of the IEEE Instrumentation and Measurem nt 
Group. One criterion of primary importance to precis on 
coaxial connectors is || (usually expressed as ‘he 
Voltage Standing Wave Ratio) of a mated pair of con- 
nectors. It was quickly realized that the VSWR specifica- 
tions desired for a mated pair of precision coaxial connec- 
tors would be too stringent for verification by existing 
capabilities and that improved accuracy capabilities would 
be required. It was at this point that NBS, supported by 
the Sandia Corp., began development of the all-coaxial 
reflectometer. 

The completed system incorporated commercial com- 
ponents where possible, but a number of items were de- 
signed and constructed at NBS-Boulder especially for the 
system because they were not commercially available. Most 
important of these were the tuners and sliding terminations 
used in tuning the reflectometer to a reflectionless initial 
condition. A parallel substitution system of attenuation 
measurement was used which incorporates a 30 MHz 
waveguide below-cutoff piston attenuator as the standard 
for determining the reflection coefficient magnitude of the 
unknown with respect to the initial condition. 

Although the reflectometer provides accuracy capabili- 
ties in || which are better than those attainable with slotted 
lines, it has not been used at RSL to provide phase infor- 
mation and, for this reason, slotted lines retain an impor- 
tant place in providing immittance calibration services in 
the high frequency region. 

An appreciation for uncertainties of measurement with 
the coaxial reflectometer system may be gained from the 
fact that a reflection coefficient magnitude of 0.10 can be 
measured with an uncertainty of +1 percent. This cor- 
responds to a VSWR measurement of 1.222+0.005. A 
generalized statement for the limit of uncertainty, A\I’\, 
may be expressed as follows: 


0<|T|<0.025 
0.025=|T|=1 


A\P| = +0.00025 
A|T|=-+1 percent of |T 


' Described in section 201.830g-1, Title 15, Code of Federal Regulations. 
This schedule is included in the text of the recent revision of all RSL calibra- 
tion services which was distributed as Insert No. 5 to holders of NBS Misc. 
Publ. 250, 1965 Edition, who have asked to receive the Inserts as they are 
issued. NBS Misc. Publ. 250, 1965 Edition, Calibration and Test Services 
of the National Bureau of Standards, is available at $1.00 per copy from the 
Superintendent of Documents, U.S. Government Printing Office, Washington, 
D.C. 20402. 


NBS all-coaxial reflectometer used for accurate measurement of 
reflection coefficient in coaxial systems. Shown left to right are: 
the klystron power supply console, the reflectometer, and the 
receiver console containing a waveguide below-cutoff 
attenuator. 
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STAN DARD 


The NBS Office of Standard Reference Materials has pre- 
pared and certified three new and eight renewal standards. 
The new standards are styrene-butadiene rubber, mag- 
nesium for isotopic composition, and a solution calorimetry 
standard. The standards recently renewed are three cast 
irons, a zirconium base alloy, three pH standards, and an 
acidimetric standard. These standards are used for test 
evaluation and reference in calibration and control meas- 
urements. In addition to these standards, the Bureau issues 
over 600 other types of standard reference materials 
certified for chemical composition or for some physical 
property.’ 


STYRENE-BUTADIENE RUBBER—TYPE 1503 


The new styrene-butadiene rubber, NBS Standard No. 
389, is Type 1503, a nonstaining, fatty acid, glue-acid 
coagulated, special-finishing, cold-process rubber as de- 
scribed by ASTM specification D-1419-62. This type of 
rubber has been established by the Society for Automotive 
Engineers as a brake cup standard because it is noncor- 
rosive in contact with metal and hydraulic brake fluid. 
Also, the wire and cable industry has established it as a 
standard for insulation because of its low water absorp- 
tion. NBS No. 389 is designed for use in evaluating syn- 
thetic rubber and carbon black test recipes and will be used 
by the rubber industry for production control operations 
in the manufacture of a uniform product made from crude 
tubber and rubber-type elastomers, both of which vary 
from one lot to another. 

G. E. Decker, G. W. Bullman, and A. M. Brown of the 
NBS Institute for Materials Research evaluated the lot 
of rubber from which the standards were prepared. This 
standard costs $49 each, weighs approximately 34 
kilograms, and is issued with a certificate giving its 
characteristics.” 


ISOTOPIC STANDARD FOR MAGNESIUM 


As a very abundant element in the earth’s crust, mag- 
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nesium is present in a large variety of minerals as well 
as in meteorites and natural waters. Geologists are inter- 
ested in the possibility of natural variations in the mag- 
nesium isotope ratios as an aid to deciphering the 
complexities of geological phenomena. They have been 
hampered, however, by the lack of an absolute isotopic 
standard. A new standard of magnesium for isotopic com- 
position, NBS Standard No. 980, will ease this problem. 
This standard, of high purity and uniform composition, 
will enable values from different laboratories to be inter- 
compared and will do much to facilitate research and 
eliminate errors. 

NBS No. 980 is a useful byproduct of the research activ- 
ity that redetermined the atomic weight of magnesium. In 
addition to its usefulness to geologists, it will enable mass 
spectrometry laboratories to calibrate their equipment for 
bias in any magnesium-isotopic ratio measurement. This 
standard may be purchased from the Bureau for $20 per 
unit.” 


SOLUTION CALORIMETRY STANDARD 


A sufficient quantity of the compound tris (hydroxy- 
methyl) aminomethane, (HOCH.).CNH., has been puri- 
fied and evaluated at the Bureau to provide a solution 
calorimetry standard. The new standard, NBS No. 724. 
is certified for homogeneity and an assay of 99.94 +.01 
percent (HOCH. ),CNH.. The standard weighs 50 grams 
and costs $15 per unit.* 

Solution calorimeters are becoming relatively more 
important and are being used more frequently because of 
the necessity to determine the heats of formation of highly 
reactive and energetic compounds. Reactions of extreme 
violence, uncontrolled initiation, or which yield poorly 
defined reaction products are evaluated by solution meth- 
ods. While calibration by electrical methods are used to 
calibrate these instruments, the deviation of results be- 
tween laboratories in many instances exceeds the preci- 
sion claimed by individual laboratories. NBS Standard 
No. 724 is of sufficient purity and homogeneity that dif- 

continued 
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REFERENCE MATERIALS continued 


ferent laboratories doing high-precision work should be 
able to compare their equipment and obtain data on new 
compounds that will be useful for intercomparison on a 
worldwide basis. 

The purification of the tris (hydroxymethyl) amino- 
methane was performed by Delmo Enagonio and the as- 
says of the purified material were made by George Marin- 
enko, both of the NBS Institute for Materials Research. 

Directions for the use of this standard in solution calor- 
imetry are being developed by the Committee on Calibra- 
tion Standards and Standard Substances of the Calor- 
imetry Conference. Preliminary recommendations are 
available on request from FE. J. Prosen, Room B350, 
Chemistry Building, National Bureau of Standards, Wash- 
ington, D.C. 20234. These recommendations and the cer- 
tificate are supplied with each standard. 


ZIRCALOY-2 STANDARD 


Zirconium-base alloy standards have been of special 
importance in the development of the nuclear energy in- 
dustry. One such alloy, Zircaloy-2, is used as fuel element 
cladding. The standard for this alloy has recently been 
reissued as NBS Standard No. 360a. The standard is avail- 
able in 100-gram units in chip form, sized between 18 and 
40 mesh sieves, for $30 per unit.* The renewal standard 
was prepared and analyzed at the Bureau and at the fol- 
lowing cooperating laboratories: The Carborundum Co., 
Akron, N.Y.; Westinghouse Electric Corp.’s Atomic Fuel 
Division and Bettis Atomic Power Laboratory, located at 
Cheswick, Pa., and Pittsburgh, Pa., respectively; Metals 
and Controls, Inc., Attleboro, Mass.; Reactive Metals and 
Products, Niles, Ohio; Oregon Metallurgical Corp., Al- 
bany, Oreg.; Wah Chang Corp., Albany, Oreg.; The Bab- 
cock & Wilcox Co., Lynchburg, Va.; and the U.S. Atomic 
Energy Commission, New Brunswick Laboratory, New 


Brunswick, N.J. 


pH STANDARDS 


Materials of high purity and homogeneity have been 
prepared and certified for use in establishing two of the 
fixed points on the pH scale and for use as buffers. 

Acid potassium phthalate as a pH buffer in the region 
of 4.0 is being used increasingly throughout the world. 
This standard, NBS No. 185d, costs $7.50 per unit and 
weighs approximately 60 grams.” 

Potassium dihydrogen phosphate, NBS No. 186—I-c, 
and disodium hydrogen phosphate, NBS No. 186-II-b, 
certified for use in admixtures only, are used for establish- 
ing the pH point at 6.865 at 25 °C. They may also be 
used to prepare a physiological reference solution with a 
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pH of 7.413 at 25 °C. Each standard weighs approxima: ‘ly 
30 grams and costs $7 per unit.” 

These three standard materials are furnished as crys als 
for preparing solutions of known hydrogen-ion concen ra- 
tion. A certificate, with directions for preparation of he 
reference solutions, is supplied with each standard. 


ACIDIMETRIC STANDARD 


Acid potassium phthalate is the most important weter 
soluble acidimetric standard and is required throughout 
the basic chemical and primary metals industries for 
standardizing aqueous acids and bases. As small errors in 
assay would result in large economic loss, a constant sup- 
ply of a standard of acid potassium phthalate is required. 

This standard, NBS No. 84h, is the eighth renewal for 
this material. It weighs approximately 30 grams and costs 
$6.50 per unit. Each standard is sold with a certificate and 
directions for use. 


CAST IRON STANDARDS 


Three cast iron standards, certified for chemical com- 
position, have recently been prepared as renewals to meet 
the requirements of the primary metals industries. These 
standards are: NBS No. 3b, a white cast iron; NBS No. 4j, 
a cast iron; and NBS No. 82b, a nickel-chromium cast 
iron. In chip form and sized between 16 and 25 mesh 
sieves, these standards weigh approximately 150 grams 
and cost $15 each.” 


1 For a complete list of Standard Reference Materials available from NBS 
see STANDARD REFERENCE MATERIALS: CATALOG AND PRICE LIST 
OF STANDARD MATERIALS ISSUED BY THE NATIONAL BUREAU OF 
STANDARDS, NBS Misc. Publ. 260, for sale by the Superintendent of 
Documents, U.S. Government Printing Office, Washington, D.C. 20402, for 
45 cents. Quarterly insert sheets which up-date Misc. Publ. 260 are supplied 
on request by the Office of Standard Reference Materials, National Bureau 
of Standards, Washington, D.C. 20234. 

2 These standards may be purchased for the price indicated from the 
Office of Standard Reference Materials, National Bureau of Standards, 
Washington, D.C. 20234. 


George Marinenko of the NBS microchemical analysis laboratory 
performs coulometric titrations of acid potassium phthalate to 
determine its assay for certification as an acidimetric standard. 
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A stable, highly sensitive instrument that accurately 
A stable, highly t t t that tely 
measures extremely short distances has been developed by 
ed R. D. Young of the NBS Institute for Basic Standards. 
Jard. This device, a field emission ultramicrometer, operates 
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without the need for physical contact with the object 
being measured. Calculations indicate that the instrument 
can measure distances of 10-* to 10° cm with a calculated 
reproducibility within 1 part in 10° and with an accuracy 
limited only by available calibration techniques. 

The field emission ultramicrometer' is basically an 
arrangement of field emission electrodes in a vacuum 
chamber. The electrodes are connected to a constant- 
current electrical circuit in such a way that a precise 
voltmeter in the electrical circuit indicates a voltage which 
is directly related by a well-developed theory to the spac- 
ing between the electrodes. 
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Left: A vertical cross section of 
the field emission ultramicrometer 
is shown as it was set up for the 
feasibility study. Right: Graph 

of the minimum detectable elec- 
trode displacement versus emitter 
anode spacing for the field 
emission ultramicrometer. The 
field emitter is assumed to be 
tungsten. 





os io os 


The ultramicrometer promises to have a variety of 
uses: as a strain gage to measure the deformation of 
structural materials, as a differential thermal expansion 
cell, as a contact-free delineator of surface profiles and 
contours, and as a means for measuring the diameters of 
balls and holes. 

The operation of the instrument in the various applica- 
tions is essentially the same. For example, as delineator 
of surface profile a field emission tip serves as one elec- 
trode (at a high negative voltage) and the surface to be 
observed is the other electrode. As the field emitter moves 
across the surface, recorded changes in voltage indicate 
changes in profile. Equations fix the relationship between 
the voltage and the distance from the emitter to the surface. 

With the increasing use of high-precision mechanical 
devices, a need has developed for more refined measure- 
ment of distance, displacement, surface contour, and 
surface profile. Devices for precise measurement of short 
distances have been available, but they are limited in two 
important respects: (1) They involve delicately balanced 
bridges and mechanical or optical levers which often have 
high-temperature sensitivity, and (2) they involve physi- 
cal contact with the object to be measured. 

The NBS instrument avoids both of these limitations. 
It is particularly suited to the measurement of curved sur- 
faces, where error may be introduced by depressing or 
scratching the surface. Another important advantage is 
the simplicity and small size of the sensor. 

The accuracy of the minimum detectable displacement 
depends on solutions of Laplace’s equation, the precision 


continued on p. 119 
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Spectral analysis system using ammonia- 
beam maser as reference frequency 
standard. At left is large console containing 
maser chamber, vacuum pumps, and 
waveguide components. Dewar flask (left) 
supplies cold trap in maser chamber with 
liquid nitrogen. The three racks at right 
contain electronic circuitry associated with 
the system. Spectrum is recorded with 
two-channel strip-chart recorder (far right). 


POWER 
SPECTRUM 
ANALYSIS OF 


SIGNAL 
SOURCES 


A New Calibration Service 


The usefulness of high-quality oscillators often is lim- 
ited by the presence of signals from frequency-modulation 
(FM) components usually induced or picked up from 
power frequencies as well as from a background of FM 
noise. The FM products can be troublesome whenever 
frequency multiplication is used with a stable oscillator 
to obtain a high-quality standard operating at higher fre- 
quencies. In energizing an oscillator with commercial 
power, FM signals can be introduced in the output by 
sinusoidal frequency modulation of the carrier at modula- 
tion frequencies of the fundamental and harmonics of 60 
Hz or other power frequencies. 

To gain a knowledge of these modulation products, it 
is necessary to analyze the power spectrum ! of the oscil- 
lator. The power spectrum indicates the relative energy 
distribution of the frequency components including both 
the carrier frequency and the extraneous FM products, 
and it is a measure of the frequency purity of an oscil- 
lator. Usually, the presence of extraneous amplitude- 
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modulation components is not troublesome in high-quality 
oscillators used as frequency standards. However, the 
presence of FM components produced by amplitude modu- 
lation is observed in the measurement system. 

Use of an ammonia-beam maser in a spectrum analyzer 
system has proved to be the best means available to per- 
form such an analysis. This method has been described by 
Barnes et al.': * It was further developed and modified by 
Esther Gilman and John Shoaf of the Microwave Calibra- 
tion Services Section of the Radio Standards Laboratory, 
Boulder, Colo., to serve as a useful and convenient calibra- 
tion system. 

The advantage of using an ammonia-beam maser as a 
principal component in a spectrum analyzer system is the 
excellent frequency purity of its energy output. Expressed 
in terms of spectral width, the maser energy line has a 
half-power line width of only 0.2 Hz. With the availability 
of such a signal source, the measurement of FM products 
in a frequency-standard oscillator is affected but little by 
the operating properties of the spectrum analyzer. 

Because the operating frequency of the ammonia 
maser is high in the microwave region (approximately 
22.7894217 GHz when using the NH, isotope ammonia). 
it is necessary to use frequency multiplication and hetero- 
dyning techniques in order to analyze the FM products 
of a precision oscillator operating at a relatively low 
frequency, say 1 MHz. However, a very distinct advantage 
is gained in frequency multiplying (in part, a phase-lock- 
ing technique) the oscillator frequency because the FM 
products are greatly enhanced and any amplitude modula- 
tion products present are minimized by limiter circuits. 


Principle of Operation 


Briefly, the spectrum analyzer functions as follows. The 
frequency of the oscillator to be analyzed (in the 1 to 10 
MHz range) is multiplied to a frequency value near that 
of the maser, and the multiplied and maser frequencies 
are heterodyned in a mixer at approximately 30 MHz. 
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Ti is signal is amplified and applied to a second mixer 
were it is heterodyned with a variable frequency source 
or frequency synthesizer. The resultant difference-fre- 
quency signal of 100 kHz can be varied in frequency over 
a range of about +10 kHz by means of a frequency- 
programing unit. The 100 kHz signal is analyzed with a 
100 kHz crystal filter that has a bandwidth (3 dB power 
points) of approximately 4 Hz. The filter serves as a very 
narrow “window” in separating out FM components that 
may be produced in the oscillator being analyzed. One 
channel of a two-channel recorder gives a readout as an 
amplitude value of the square root of the power spectrum 
of either the discrete line spectra of FM components or 
the random noise present in the oscillator under test. The 
second channel indicates the frequency swing or deviation 
of the extraneous modulation and the frequency deviation 
of a narrow bandwidth of the random noise in reference 
to the central energy line of the carrier frequency (the 
frequency of the oscillator under test). 

With such a spectrum analyzer it is possible to measure 
random noise power and spectral lines greater than 120 
dB below the central line or carrier frequency of an oscil- 
lator. The random noise power can be measured at any 
point (of 4 Hz bandwidth) within a range of +10 kHz of 
the carrier frequency. Discrete spectral lines can be meas- 
ured if their magnitude is 6 dB above the random or con- 
tinuous noise. 

With the spectrum analyzer it also is possible to meas- 
ure the signal-to-noise ratio of the power of the output 
signal from an oscillator to that of the in-phase noise 
power of the oscillator. The noise power is that measured 
in a band approximately 4 Hz in width and would be 
typical of the random noise over a bandspread of sev- 
eral kilohertz from the carrier frequency of the oscillator. 


Minimal Requirements 


Precision standard- frequency oscillators (signal 
sources) submitted for measurement of spurious FM com- 
ponents from power frequencies and random FM noise 
(continuous spectrum) must meet certain minimal re- 
quirements in order that they can be subjected to an ac- 
curate frequency-power spectral analysis. At present this 
measurement service is available from the Radio Standards 
Laboratory at nominal oscillator (carrier) frequencies of 
1, 2.5, 5, and 10 MHz. Operating frequencies should not 
deviate more than +4 parts in 10° from the nominal. The 
power output of the signal source should be at least 20 
milliwatts into a matched load. Other requirements are 
given below: 


Maximum Modula- 
tion Index* for Sinus- 


Minimum Signal-to- 


Oscillator Freq. Noise for Random 


(Carrier Freq.) FM Noise oidal FM x 10-4 
1 MHz 90dB 4 
25 82 10 
5 75 20 
10 70 40 


*The modulation index is the ratio of frequency deviation from the 
carrier to the modulation frequency. 
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Calibration Report 


A spectrum analysis is reported in terms of discrete 
lines in the continuous spectrum of the frequency-standard 
oscillator. The modulation frequency of the discrete lines 
(FM components) is given as the frequency difference 
from the fundamental or carrier frequency of the oscil- 
lator being tested. The intensity of the discrete lines rela- 
tive to the central line or carrier frequency of the spectrum, 
expressed in dB per kilohertz below the central line, indi- 
cates the magnitude of the power spectrum of extraneous 
FM components. The continuous spectrum or random 
noise is indicated in frequency bands ranging from ap- 
proximately +50 Hz to +1 kHz in frequency differences 
from the carrier. The intensity of the continuous spectrum 
relative to the central line or carrier frequency of the 
spectrum, expressed in dB per Hertz below the central 
line, indicates the magnitude of the random FM noise 
background. 

*The power spectrum and its importance in precise frequency measure- 


ments, by J. A. Barnes and R. C. Mockler, IRE Trans. Instr. I-9, No. 2, 
149-155 (Sept. 1960). 


*A high-resolution ammonia maser-spectrum analyzer, by J. A. Barnes 
and L. E. Heim, IRE Trans. Instr. I-10, No. 1, 4-8 (June 1961). 


Top: Esther Gilman makes notation on strip chart recording 
of power spectrum of precision quartz oscillator on right. 
Below: Mrs. Gilman adjusts a waveguide component on 
ammonia-beam maser. Top of maser chamber is shown in 
center. 
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Below: Iron nitrate added to 
a1.0M silver nitrate solution, 
resulted in a branched, mossy 
silver formation which grew 
toward the top of the solution. 


A cluster of silver flakes is suspended from the 
silver-plated copper wire cathode in a 0.5M silver 
ammonium nitrate bath to which copper was 
added by electrodissolution. This dendrite 
measures approximately 4 cm across. 
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This mass of platelets was 
produced by edge growth in a 
0.5M silver ammonium nitrate 
bath containing dissolved 
stainless steel (iron, nickel, 
and chromium). 


GROWING 
SILVER 
DENDRITES 


Large sums of money are spent each year in the electro- 
plating industry to avoid the phenomenon of dendritic 
growth (treeing). Quite often the steps taken for the pre- 
vention are successful, but the underlying causes for the 
phenomenon have not been examined in any detail. Only 
in recent years has a specific scientific interest been shown 
as to why they grow. 

To gain a better understanding of dendrite growth, 
John P. Young of the NBS Institute for Materials Re- 
search has studied the effect of metallic ions on the growth 
of silver dendrites.’ Various configurations and forms of 
the silver dendrites were grown electrolytically in a silver 
nitrate solution to which metallic ions were added. Data 
on the structure and character of a dendritic growth, as 
affected by a particular metallic ion, were then obtained. 
With this knowledge, it is anticipated that researchers can 
control crystal structure and growth through the use of 
metallic ions. Data obtained in this way could be used by 
electroplaters and electrorefiners to identify more readily 
the metallic ion affecting the undesired dendrite and 
thereby eliminate it from the plating bath. 

This work can also be used as a basis for growing metal 
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Above: Magnification of an edge growth of a piece of 
foil grown in a 0.5M silver nitrate bath containing 
dissolved stainless steel (250X). Below: These flat, 
branched dendrites grew in a1.0M silver nitrate bath 
containing dissolved zinc metal. 
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single crystals at room temperature by electrocrystalliza- 
tion. At present, the electrocrystallization process is not 
well understood and it is not possible to electrodeposit a 
single crystal of any size. However, the development of a 
technique for growing individual crystals would facilitate 
investigation of the process and the characterization of 
electrodeposited crystals. 

There is some knowledge of the effect of organic addi- 
tives on crystal growth but little information is available 
on the effect of inorganic additives. Small amounts of 
“foreign” metal ions (Cu**, Cd**, Fe**, Cr**, Cr**, Zn** 
and Ni**) were added to the bath anodically or added as 
salts (usually as a nitrate) to silver nitrate solutions of 
several concentrations with and without the ammonium 
ion. The bath was operated at a constant current and the 
“foreign” metal ion moved to the silverplated copper wire 
cathode. A new growth form resulted for each additive, 
probably because the added ions inhibited growth to a 
variable extent on the different faces of the silver crystal. 

Maintaining a constant voltage and constant current did 
not seem to be as significant in continuing a certain type 
of growth as maintaining the concentration of the “for- 
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John P. Young observes a copper dendrite during the study 
on dendritic growth. As he adjusts the voltage on the 
constant current-constant voltage power supply, copper ions 
in the cuprous chloride solution flow toward the copper 
cathode surface to form the copper dendrite. The liberated 
chlorine gas passes through the tube above the solution 

and is dissolved in water. 





























eign” ion. However, a sudden increase in current of more 
than about 10 percent at any current density usually inter- 
fered with continuation of the growth pattern of bright, 
regular surfaces. 

Modifying the bath composition or changing voltage- 
current conditions did not facilitate a change from a 
mossy, matte growth to a bright-faced growth. Once estab- 
lished, the conditions for maintaining a regular crystalline 
surface were rather critical and, if changed substantially, 
always resulted in the formation of a dull, nodular deposit 
over the bright surfaces. 

Further investigations in dendrites at NBS include the 
growth of copper dendrites in various copper solutions. 
Here, too, various configurations and forms of the copper 
dendrite are being grown electrolytically to determine the 
effect of metallic ions on the structure and growth of the 
dendrite. 


‘For further information, see The effect of other metallic ions on the 
electrocrystallization of silver from nitrate solutions, by John P. Young, 
Plating 54, 272 (1967). 
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The Radio Standards Laboratory now provides a 
calibration service for analyzing power spectra to 
determine the frequency-modulation components and 
noise power levels of high-quality signal sources oper- 
ating at nominal (carrier) frequencies of 1, 2.5, 5, 
and 10 MHz. This new service is reported in the 
article entitled “Power Spectrum Analysis of Signal 
Sources” on page 112. 


COMPARATOR FOR INDUCTIVE 
VOLTAGE DIVIDERS 


From 1 to 10 kHz 


A high-accuracy comparator, embodying novel features 
for measuring the relative deviations in voltage ratios and 
phase angles of inductive voltage dividers, has been .con- 
structed at the NBS Institute for Basic Standards. The 
equipment was developed by Wilbur C. Sze,’ from a sug- 
gestion of Robert D. Cutkosky, in work partly supported 
by the Bureau of Naval Weapons. The advance fills 
a demonstrated need in the electronic and aerospace 
industries. 

The new technique overcomes several inherent limita- 
tions of existing comparison methods and appears worthy 
of general use in standardizing laboratories. In contrast 
to existing methods, (1) the dividers are treated as four- 
terminal networks as they were designed to be operated, 
(2) the test circuit imposes negligible burden on either 


The comparator is the large component in front; behind it, 
in order, are the reference and test dividers and the 
detector. The cylindrical device (right) connecting the ends 
of the reference and test dividers contains specially 
constructed “injector-detector” transformers (shown as 

T: and T; in schematic). 








STANDARDS AND GALIBRATION 


the reference or the test divider, and (3) it is not neves- 
sary to use the lower dials of either divider for in-phase 
voltage balancing. 

Balance is accomplished with the use of shielded trans- 
formers of special design and a resistance-capacitance 
network for in-phase and quadrature voltage injections, 
Measurements are accurate to one part in 10 million 
(+1%X10-") of the input in the frequency range from 
1 to 10 kHz. Resolution is better than two parts in 10 
billion (10'°). 


WWV AND WWVH TIME ANNOUNCEMENTS 
To Use Greenwich Mean Time 


Since 2100 UT of April 28, 1967, the voice announce- 
ments on the broadcasts from NBS standards stations 
WWYV (Fort Collins, Colo.) and WWVH (Maui, Hawaii) 
have given the time which is current at the Greenwich 
Meridian in England rather than the current standard time 
in either local zone. Greenwich Mean Time is already used 
by many WWV and WWVH listeners—largely scientists, 
“ham” operators, and operators of military and civilian 
communication networks—to some of whom it is known 
as Universal Time (UT). 

The new announcement was heard for the first time from 
WWYV at 1400 Mountain Standard Time and from WWVH 
at 1100 Hawaiian Standard Time on Friday, April 28, 
both the same as 2100 Greenwich Mean Time, Friday, 
April 28. The announcement is given every 5 minutes, just 
before the audio tone it refers to. For example, just prior 


Schematic of comparator for inductive voltage dividers. 
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to 435 Mountain Standard Time, the announcement from 
W VV will be: “National Bureau of Standards, WWV, 
Fo t Collins, Colo. Next tone begins at 21 hours 35 minutes 
Gr-enwich Mean Time.” Just prior to 1135 Hawaiian 
St: ndard Time, the announcement for WWVH will be: 
“National Bureau of Standards, WWVH, Maui, Hawaii. 
Next tone begins at 21 hours 35 minutes Greenwich Mean 
Tire.” 

he time signal users, especially those receiving both 
WWV and WWVH simultaneously, are reminded that the 
WWVH announcement occurs during the first half minute 
preceding the tone. In this way it does not interfere with 
the WWV announcement, which occurs during the second 
half minute, immediately before the tone. 


NAVY PRODUCES CALIBRATION FILM 


Calibration is the subject of a Navy film that relates the 
importance of calibration to the reliability and quality of 
both test equipment and the product tested. The film, “Why 
Calibrate?,” is a 15-minute animated cartoon in color, 
designed to give the viewer a better appreciation and 
understanding of the importance of calibration. 

Using cartoon characters and weapon systems from the 
1800 period, the film gives three purposes for calibrating: 

(1) The necessity for test equipment to measure the 
quality of weapon systems and their components. 

(2) The necessity for controlled measurements at all 
levels of testing to ensure interchangeability, quality, and 
reliability of products. 

(3) The necessity for calibration which serves as a 
control mechanism by which the interchangeability of 
measurements is accomplished. 

The film ends with a summary of the importance of 
calibration to mission success and product reliability and 
quality. 

Produced under the direction of J. L. Hayes of the 
Navy Metrology Engineering Center, Pomona, Calif., the 
film was originally prepared for the Quality and Reliability 
Group of the Navy’s Special Projects Office (POLARIS) : 
it has recently been released for public use. Copies of this 
16 mm film, Navy Film No. MN10105—‘Why Cali- 
brate?,” may be obtained on a loan basis from most 
Naval District Headquarters by contacting the Public 
Affairs Officer, or they may be purchased from DuArt 
Film Laboratories, Inc., 245 West 55th Street, New York, 
N.Y. 10009. 


STANDARD FREQUENCY AND TIME BROADCASTS 


WWV—2.5, 5.0, 10.0, 15.0, 20.0, and 25.0 MHz 
WW VH—2.5, 5.0. 10.0, and 15.0 MHz 
WWVB—60 kHz 


Radio stations WWV (Fort Collins, Colo.) and WWVH 
(Maui, Hawaii) broadcast signals that are kept in close 
agreement with the UT2 scale by making step adjustments 
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of 100 ms as necessary. Each pulse indicates that the 
earth has rotated approximately 15 arcseconds about its 
axis since the previous one. Adjustments are made at 
0000 UT on the first day of a month. There will be no 
adjustment made on 1 July 1967. The pulses occur at inter- 
vals that are longer than one second by 300 parts in 10" 
due to an offset in carrier frequency coordinated by the 
Bureau International de l’Heure (BIH), Paris, France. 

Radio station WWVB (Fort Collins, Colo.) broadcasts 
seconds pulses derived from the NBS Time Standard 
(NBS-III) with no offset. Step adjustments of 200 ms are 
made at 0000 UT on the first day of a month when neces- 
sary. BIH announces when such adjustments should be 
made in the scale to maintain the seconds pulses within 
about 100 ms of UT2. There will be no adjustment made on 
I July 1967. 


COURSE IN ELECTROMAGNETIC MEASUREMENTS 
AND STANDARDS 


A 2-week course in Electromagnetic Measurements and 
Standards will be offered August 7-18, 1967, by the Radio 
Standards Laboratory of the NBS Institute for Basic 
Standards in association with the Bureau of Continuation 
Education of the University of Colorado. 

The course is intended for professional staff members of 
industry, universities, and military and other government 
facilities whose responsibilities include precision measure- 
ments, standards, and quality assurance and control. Top- 
ics will include: (1) A review of basic electromagnetic 
and circuit theory; and (2) the specification of funda- 
mental electromagnetic standards (such as power, pulse 
quantities, attentuation, and noise), their operational 
realization, and their use. Emphasis will be placed on in- 
struments and measurements used by leading standards 
laboratories to obtain the highest precision and accuracy. 
Sufficient theory of measurements and errors will be in- 
cluded so that the students can understand the concepts 
applied in the course and can use them to analyze other 
instruments and measurements. 

The prerequisites are education equivalent to a B.S. 
degree in electrical engineering or engineering physics, 
and a year or more of actual working experience. Tuition 
is $200. 

Registration will be limited and early application should 
be made to ensure consideration. Registration will be 
closed July 15, 1967. Further details and registration 
forms are available from: The Bureau of Continuation 
Education, Room 328, University Memorial Center, Uni- 
versity of Colorado, Boulder, Colo. 


' Technical details are given in ‘Comparator for calibration of inductive 
voltage dividers from 1 to 10 kHz,’’ a paper presented by Wilbur C. Sze 
at the 21st Annual Instrument Society of America Conference and Exhibit 
New York, N.Y., Oct. 24-27, 1966 
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SECOND PARTICLE ACCELERATOR 
CONFERENCE HELD 


Over 800 specialists in the field of particle accelerators 
met in Washington, D.C., on March 1-3, 1967, to discuss 
developments in accelerator engineering and technology. 
The occasion was the 1967 U.S. National Particle Accelera- 
tor Conference, the second of its kind; the first was held 
2 years earlier, also at Washington. Although sponsored 
by five United States organizations—the Institute of Elec- 
trical and Electronics Engineers, the National Bureau of 
Standards, the Atomic Energy Commission, the National 
Science Foundation, and the American Physical Society— 
the Conference attracted several papers and nearly a 
hundred conferees from foreign countries. 

Particle accelerators are becoming increasingly useful 
to science as a source of basic information. They provide 
insight into both the fundamental nature of matter and 
the application of radiation to alter characteristics of 
materials. Accelerators are now essential tools of univer- 
sity and joint educational facilities, government labo- 
ratories, research institutes, and industry. Registrants at 
the Conference came from all four sources, as did the 
papers presented, but educational institutions and facili- 
ties were most strongly represented. 


Conference Program 


The Conference was opened by Conference Chairman 
R. S. Livingston of the Oak Ridge National Laboratory; 
the attendees were then welcomed by R. D. Huntoon, 
Director of the NBS Institute for Basic Standards. 

The keynote address, entitled “The Tribulations and 
Triumphs of the Accelerator Builder,” was delivered by 
G. K. Green of the Brookhaven National Laboratory. Dr. 
Green outlined the stages that accelerator building has 
passed through—first a stage in which the user built his 
own machine, and then a second stage characterized by 
more money, higher energies, and the appearance of en- 
gineers on the scene. These years of triumphs are now 
being followed, he said, by an era of tribulations typified 
by the recent search of the 200-GeV project for a site 
and a staff. He deplored the lack of a journal for accelera- 
tor builders and noted his intent to collect, catalog, and 
microfilm internal reports:which would otherwise quickly 
become unavailable. 

The first technical session was a review of accelerator 
technology, under the chairmanship of M. S. Livingston of 
the Cambridge Electron Accelerator staff. Topics discussed 
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included proton linear accelerators, meson factories, syn- 
chrotron injectors, acceleration of very heavy ions, produc- 
tion of super-elements, d—c acceleration, and frequency- 
modulated and isochronous cyclotrons. 

Following this session, A. H. Snell of the Oak Ridge Na- 
tional Laboratory chaired a session devoted to ion sources, 
electron guns, high-voltage technology, high-voltage 
power supplies, and d-c accelerators. Simultaneously, 
J. E. Leiss of NBS presided over a session on high duty- 
factor linacs, rf power sources and systems, accelerating 
structures, and superconducting rf devices. 

A paper on the future of superconducting magnets 
aroused considerable interest at a session on accelerator 
magnets, measuring systems, and power sources, which 
was held the next morning under the chairmanship of B. D. 
McDaniel of Cornell University. This session was paired 
with a session on beam dynamics, chaired by L. C. Teng 
of Argonne National Laboratory, and included a paper on 
dynamic instabilities in circular accelerators. An after- 
noon session on beam injection and extraction, perform- 
ance of new or improved accelerators, and new accelera- 
tor concepts was presided over by M. G. White of the 
Princeton-Pennsylvania Accelerator staff. It was paired 
with a session on vacuum systems, accelerator facilities, 
and accelerator systems design under J. Spiro of the 
Brookhaven National Laboratory. 

The dinner session of the Conference was addressed 
by Emanuel R. Piore, a vice president of IBM, a member 
of the NBS Statutory Visiting Committee, and recently 
Chairman of the National Academy of Sciences Accel- 
erator Site Evaluation Committee. Dr. Piore discussed 
the growth of a community of particle scholars, the im- 
pact on the national technology of accelerator science 
projects, and the importance of accelerator technology 
to the Nation. He also discussed considerations in select- 
ing a site for the planned 200-GeV accelerator. 

The last day of the Conference began with a session. 
under the chairmanship of L. Rosen of the Los Alamos 
Scientific Laboratory, on handling and targeting of high- 
power beams, induced radioactivity, remote maintenance 
techniques, and radiation monitoring and safety. Simul- 
taneously R. B. Neal of the Stanford Linear Accelerator 
Center presided over a session on data handling and con- 
trol, and monitoring and sensing beams. 

The Conference was concluded with a session, presided 
over by L. Smith of the Lawrence Radiation Laboratory. 
consisting of six invited papers concluding the review of 
the technology of accelerators. Topics were the CERN 
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stc rage ring, storage rings for electrons and positrons, 
microwave electron accelerators, thermonuclear research, 
electron synchrotrons above 3 GeV, and protron synchro- 
trons above 20 GeV. 

-erhaps the most intriguing single area touched on at 
the Conference was the advent of the superconducting ac- 
ce erator, which uses cryogenic temperatures to attain very 
great efficiencies. H. A. Schwettman of Stanford Univer- 
sity described a 5-foot prototype linear accelerator, re- 
cently constructed at the University, which has attained 
continuous operation by utilizing the cryogenic super- 
conductivity of lead. The higher efficiency, thermal sta- 
bility, and power levels made possible by this development 
promise to open up a whole new area of nuclear and 
high-energy research. 


The 86 papers presented in the Conference sessions 
were those selected for a well balanced program, rather 
than on the basis of individual quality. Nearly 150 addi- 
tional papers were accepted by the Conference Program 
Committee. Both the papers that were presented orally 
and the additional papers that were accepted will be 
included in the Proceedings of the Conference. 

The Proceedings will be published as an issue of the 
IEEE Transactions on Nuclear Science, made possible by 
the contributions of the National Science Foundation and 
the U.S. Atomic Energy Commission. A copy of the Pro- 
ceedings will be sent to each Conference registrant. Others 
desiring a copy may obtain them at a cost of $10 from 
the Institute of Electrical and Electronics Engineers, 345 
East 47th Street. New York, N.Y. 10017. 





MEASURING DEVICES continued from page 111 


of the voltmeter, the stability of the constant current 
source, and mechanical stability of the components. These 
factors can all be evaluated without recourse to experi- 
ment. The feasibility of the ultramicrometer was tested by 
moving a field emitter to within a few hundred angstroms 
of a tantalum strip and measuring the emitter-anode volt- 
age while maintaining a constant current. It was shown 
that this process can be carried out without spurious cur- 
rents or electrical breakdowns, even when the emitter is 
close to the surface. 


‘ The field emission ultramicrometer, by R. D. Young, Rev. Sci. Inst. 37 
275 (1966) 


Above: Possible applications of the field emission 
ultramicrometer are: (a) Strain gage, (b) differential 
thermal expansion cell, (c) mechanical vibration 
sensor, and (d) surface profile delineator. Below: 
Block diagram of the electrical circuit used in the 
field emission ultramicrometer. The tantalum strip 
serves as an anode; V is a digital voltmeter. Recorded 
voltage is directly related to the space between 
emitter and anode. 
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This column regularly reports significant developments 
in the program of the National Standard Reference Data 
System. The NSRDS was established in 1963 by the 
President's Office of Science and Technology to make 
critically evaluated data in the physical sciences available 
to science and technology on a national basis. The 
System is administered and coordinated by the National 
Bureau of Standards through the NBS Office of Standard 
Reference Data, located in the Administration Building 
at the NBS Gaithersburg Laboratories. 


Superconductive Materials Data Center 


The Superconductive Materials Data Center, established 
in 1965, provides researchers in the areas of solid-state 
physics, chemistry, and metallurgy with information and 
standards of superconductivity. Located at the General 
Electric Research and Development Center in Schenectady, 
N.Y., the Data Center is partially supported by and asso- 
ciated with the Office of Standard Reference Data. Under 
the direction of Benjamin W. Roberts, it collects, collates, 
and disseminates available data on the superconducting 
properties of materials. 

Sources of the data include published literature, as 
well as unpublished contributions from established re- 
search workers in the field. The most probable values of the 
superconductive constants are chosen for an ideal mate- 
rial when sufficient data have been published. However, all 
the data contributions are referenced, except in a few 
isolated instances, to allow subsequent reevaluation by the 
researcher utilizing data on a specific material. Divergent 
values of equal weight are listed and referenced. 

The Data Center maintains data in readily accessible 
handwritten form on machine cards. All the information is 
filed alphabetically with respect to the elements. Punched 
on each data card are: (a) the elements present, (b) the 
critical temperature, (c) the critical field, (d) a litera- 
ture reference, (e) the lowest temperature to which a non- 
superconductive material has been tested, and (f) the 
structure reports code for the crystal structure. Also, hand- 
written on each card are: (a) complete crystal structure 
data where available, (b) the composition of the alloy, 
compound, or mixture, (c) available thermodynamic data 
(electronic specific heat and Debye theta), (d) data on 
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high field (or Type II) superconductors, and (e) addi- 
tional comments where pertinent. 

Computer programs have been written to translate the 
punched data on the cards to tape for fast sorting and 
collation. On request, printouts may be obtained by 
alphabetical element sequence, critical temperature value, 
critical field value, and/or specific element. The literature 
containing information on superconductive materials has 
been and is being systematically searched to ensure com- 
pleteness and accuracy of data. 

Dr. Roberts is the editor of NBS Technical Note 408, 
Superconductive Materials and Some of Their Properties 
(45 cents).' In this publication, property data as well as 
an extensive bibliography and author references are avail- 
able to the reader. 


Landolt-Boérnstein Tables 


The Landolt-Bérnstein, Tables of Numerical Values and 
Functions is one of the oldest projects to collect data 
and evaluate them critically. Its first publication was in 
1883 when H. H. Landolt and R. Bornstein issued a vol- 
ume of 281 pages of best values of data compiled from the 
world’s literature in physics, chemistry, and technology. 
The second, third, and fourth editions were also in single 
volumes, coming out in the years 1894, 1905, and 1912. 
with 575, 877, and 1,330 pages, respectively. The fifth 
edition comprised eight volumes, appearing over the years 
1923 to 1936, containing a total of 7,457 pages. 

The sixth edition under the general editorship of 
A. Eucken was begun in 1937. It was organized into four 
parts, each consisting of several volumes: 

Part 1: Atomic and Molecular Physics; 

Part 2: Properties of Substances in Their Various 

States ; 

Part 3: Astronomy and Geophysics: 

Part 4: Technology. 

The work was stopped by World War II, during which 
many of the manuscripts were destroyed, and the sixth 
series had to be started over again after the war. When 
A. Eucken died in 1950, K.-H. Hellwege took his place on 
the editorial board which consisted then of the late J. 


Bartels, H. Borchers, H. Hausen, K.-H. Hellwege, KI. 


Schaefer, and E. Schmidt. The publication of the edition 
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hz been enlarged as the quantity of scientific data in- 
cr ised, The series now comprises 20 volumes and five 
m °e are in preparation, to be published within the next 
fe. years. 

n the last 20 years, scientific knowledge has increased 
ravidly and may be expected to increase at an even faster 
rai: in the future. Because of this, the need for critically 
evaluated data obtained on a worldwide basis becomes 
more urgent than ever before. Therefore, a new publication 
iiitled, Landolt-Bérnstein, Numerical Values and Rela- 
tionships in Science and Technology, New Series, has been 
started, even before the Landolt-Boérnstein Tables, Sixth 
Edition, has been completed. The purpose of the New Se- 
ries is the same as that of the Landolt-Bornstein Tables, 
Sixth Edition: the compilation of the “best” values from 
the results of physical, chemical, and technological world- 
wide research and their presentation in as complete a 
form as possible. 

The New Series as planned, however, is not a revised nor 
supplementary edition. The organization used in the sixth 
edition has been discontinued. Instead there will be smaller 
volumes treating specific fields. Volumes dealing with 
closed fields will be supplemented only as necessary; newly 
evolving or changing fields will be treated anew. This 
method can best meet the need for reliable information and 
rapid publication. 

The New Series, started in 1961, comprises six finished 
volumes and 11 volumes and two revisions in preparation. 
All prefaces, tables of contents, and introductory chapters 
of the special sections in the volume of the New Series are 
in both English and German, but the tables and figures are 
in one or the other. 


g 


The New Series is organized as follows: 


Group I: Nuclear physics and technology. 
Volume 1: Energy levels of nuclei: A=5 to A=257 (1961). 
In preparation: 
Volume 2: Auxiliary tables for a-, 8-, y-spectroscopy. 
Volume 3: Charge and density distribution in the nucleus. 
Group II: Atomic and molecular physics. 
Volume 1: Magnetic properties of free radicals (1965). 
Volume 2: Magnetic properties of coordination and organo-metallic 
transition metal compounds (1966). 
Volume 3: Luminescence of organic substances (1967). 
Volume 4: Microwave spectroscopy of molecules (1967). 
In preparation: 
Volume 5: Molecular acoustics. 
Group III: Crystal and solid state physics. 
Volume 1: Elastic, piezoelectric, piezooptic and electrooptic con- 
stants of crystals (1966). 
In preparation: 
Volume 2: Magnetic and other properties of oxide systems. 
Volume 3: Structural data of crystals. 
Volume 4: Energy levels of ions in crystals. 
Volume 5: Ferro- and antiferro-electric substances. 
Volume 6: X-ray spectroscopy and bonding states. 
Group IV: Macroscopic and technical properties of matter. 
In preparation: 
Volume 1: Phosphorescence of inorganic substances. 
Group V: Geophysics and space research. 
Group VI: Astronomy, astrophysics and space research. 
Volume 1: Astronomy and astrophysics (1965). 
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The Office of Standard Reference Data has at present a 
guest worker, Karin Offermanns, of Darmstadt, Germany, 
who is sponsored by the publishers of the Landolt-Bérn- 
stein series, Springer-Verlag, Berlin-Heidelberg-New York. 
While at NBS, Miss Offermanns is preparing an English 
and a German index to the sixth edition of the Landolt- 
Bornstein, Tables of Numerical Values and Functions. 


Establishment of Advisory Panels Through the 
NAS—NAE 
Since its establishment in 1963, the NBS Office of Stand- 


ard Reference Data has obtained advice and recommen- 
dations for data compilation programs in seven technical 
areas and on information activities from specialists in the 
appropriate fields. Advisory panels, essentially ad hoc in 
nature, have provided the most important advice. It be- 
came clear some time ago that the Office would benefit 
from periodic consultations with panels having more 
formal existence and continuity of membership. To this 
end, new panels have been planned which are to function 
as subcommittees of the general review committee for the 
Office, chaired by Frederick D. Rossini of Notre Dame 
University. This committee operates under the auspices of 
the National Academy of Sciences—National Academy of 
Engineering. Implementation of this plan is beginning 
with the establishment of an advisory panel on atomic and 
molecular properties under E. U. Condon of the University 
of Colorado. The Office of Critical Tables of the National 
Academy of Sciences is cooperating with the Office of 
Standard Reference Data in making arrangements for the 
participation of leading scientists in this panel. 


Nuclear Cross Sections and Technology 
Conference 


David T. Goldman of the Office of Standard Reference 
Data and the Reactor Radiations Division has been ap- 
pointed Chairman of the 1968 Nuclear Cross Sections 
and Technology Conference. This conference is to be 
jointly sponsored by the American Physical Society, 
American Nuclear Society, Atomic Energy Commission, 
and the National Bureau of Standards. A conference on 
the same subject which was held in Washington in 1966 
proved so valuable to its participants that similar meet- 
ings at regular intervals are now planned. 


New Tables of Standard X-Ray Wavelengths 


A comprehensive review of precise measurements of 
x-ray wavelengths has been prepared by J. A. Bearden 
and his coworkers at the Johns Hopkins University. This 
extensive work has recently been reported in two articles 
in the Reviews of Modern Physics 39, 78, 125 (1967). 
The new review is an updating of an earlier tabulation of 
x-ray wavelengths, Report NYO—10586, published by the 
U.S. Atomic Energy Commission. Literature data together 
with recent measurements on selected x-ray lines have 
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been tabulated on the basis of a new and consistent x-ray 
wavelength scale which introduces a defined value for the 
wavelength of the tungsten Ka line. 

From the reevaluated wavelength data of x-ray emis- 
sion lines and the precise photo-electron measurements of 
certain electron binding energies carried out at Uppsala, 
Sweden (Kai Siegbahn et al.), Professor Bearden and 
A. F. Burr have deduced an extensive set of binding ener- 
gies for atomic electrons. These binding energies are of 
improved consistency because of the reevaluation of x-ray 
wavelengths and have improved accuracy by virtue of 
their use of the photo-electron data as anchor points. 

The new tables will permit reinterpretation of older 
x-ray studies and will increase the precision available for 
x-ray crystallographic measurements. To promote its 
wider distribution, the Office of Standard Reference Data 
(with permission of the Atomic Energy Commission and 
the American Institute of Physics) plans to publish this 
work in the NSRDS series. 


NSRDS Publication Summary 


A. Publications Issued in the NSRDS Series: 

1. NSRDS—Plan of Operation, by E. L. Brady and M. B. Wal- 
lenstein, NSRDS-NBS-1 (15 cents) .’ 

2. Thermal Properties of Aqueous Uni-univalent Electrolytes, by 
V. B. Parker, NSRDS-NBS-2 (45 cents) .’ 

3. Selected Tables of Atomic Spectra, Atomic Energy Levels and 
Multiplet Tables, Si II, Si III, Si IV, by C. E. Moore, NSRDS 
NBS-3 (35 cents).' 

4. Atomic Transition Probabilities, Volume I, Hydrogen Through 
Neon, by W. L. Wiese, M. W. Smith, and B. M. Glennon, NSRDS 
NBS-4 ($2.50) .? 

5. The Band Spectrum of Carbon Monoxide, 
NSRDS-NBS-5 (70 cents). 

6. Tables of Molecular Vibrational Frequencies, by T. 
ouchi, NSRDS-NBS-6 (40 cents) .’ 

7. High Temperature Properties and Decomposition of Inorganic 
Salts, Part I, Sulfate, by K. H. Stern and E. L. Weise, NSRDS 
NBS-:7 (35 cents) .’ 

8. Thermal Conductivity of Selected Materials, by R. W. Powell, 
C. Y. Ho, and P. E. Liley, Thermophysical Research Center, 
Purdue University, NSRDS-NBS-8 ($1) .’ 

9. Bimolecular Gas Phase Reactions, by G. S. Milne and A. F. 
Trotman-Dickenson, NSRDS-NBS-9.* 

10. Selected Values of Electric Dipole Moments for Molecules 
in Gas Phase, by R. D. Nelson, Jr., D. R. Lide, Jr., and A. 
Maryott, NSRDS-NBS-102 

11. Tables of Molecular Vibrational Frequencies, Part 2, by T. 
Shimanouchi, NSRDS-NBS-11? 

12. Thermal Conductivity of Selected Materials, Part 2, by C. Y. 
Ho, R. W. Powell, and P. E. Liley.’ 

13. Tables for the Rigid Asymmetric Rotor: Transformation 
Coefficient From Symmetric to Asymmetric Bases and Expectation 
Values of P*, and P*:, by R. H. Schwendeman and V. W. Laurie.* 

14. Critical Evaluation of Ion Appearance Potentials, Ionization 
Potentials and Ion Heats of Formation, by J. L. Franklin, F. H. 
Field, J. Dillard, H. M. Rosenstock, and F. N. Harllee.’ 


B. Other NBS Compilations of Data: 

1. Selected Values of Chemical Thermodynamic Properties, Part 
1, Tables for the First Twenty-Three Elements in the Standard 
Order of Arrangement, by D. D. Wagman, W. H. Evans, I. Halow, 
V. B. Parker, S. M. Bailey, and R. H. Schumm, NBS Tech. Note 
270-1 (65 cents) .' 

2. Selected Values of Chemical Thermodynamic Properties, Part 
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by P. H. Krupenie, 


Shiman- 


2, Tables for the Elements Twenty-Three Through Thirty-Two in 
the Standard Order of Arrangement, by D. D. Wagman, W. (1. 
Evans, I. Halow, V. B. Parker, S. M. Bailey, and R. H. Schun », 
NBS Tech. Note 270-2 (40 cents) .” 

3. Electron Impact Ionization Cross-Section Data for Ato: \s, 
Atomic Ions, and Diatomic Molecules. I. Experimental Data, »y 
L. J. Kieffer and G. H. Dunn, published in Reviews of Mod: rn 
Physics, 38, No. 1, 1-35, January 1966.5 Also to be bound 
with related material in the NSRDS series. 

4. Superconductive Materials and Some of Their Properties, »y 
B. W. Roberts, NBS Tech. Note 408 (45 cents) . 

5. Microwave Spectral Tables, Diatomic Molecules, by P. | 
Wacker, M. Mizushima, J. D. Petersen, and J. R. Ballard, N 3S 
Mono. 70, Vol. I ($2).? 

6. Microwave Spectral Tables, Line Strengths of Asymmetric 
Wee by P. F. Wacker and M. R. Pratto, NBS Mono. 70, Vol. 

($3). 

7. Microwave Spectral Tables, NBS Mono. 70, Vols. III, IV, and 
V (in press). 

8. Thermodynamics and Related Properties of Parahydrogen 
from the Triple Point to 100 °K at Pressures to 340 Atmospheres, 
by H. M. Roder, L. A. Weber, and R. D. Goodwin, NBS Mono. 94 
(75 cents). 

9. Critical Review of Cross-Sections for Electron Excitation of 
Atoms by Electron Impact, by B. Moiseiwitch (to be published in 
Reviews of Modern Physics, 1967). 

10. Electron Impact Ionization Cross-Section Data for Atoms, 
Atomic Ions, and Diatomic Molecules. II. Theory and Comparison 
of Theory and Experiment, by M. Rudge, L. J. Kieffer, and G. H. 
Dunn (to be published in Reviews of Modern Physics, 1967). 


C. Nondata Publications From NSRDS Related Projects: 


1. Bibliography on Atomic Transition Probabilities, by B. M. 
Glennon and W. L. Wiese, NBS Misc. Publ. 278 (55 cents) .’ 

2. Bibliography of Low Energy Electron Collision Cross Section 
Data, by L. J. Kieffer, NBS Misc. Publ. 289 (50 cents) .’ 

3. Bibliography of Atomic and Molecular Processes for 1963, 
by C. F. Barnett, J. A. Ray, J. C. Thompson, and E. W. McDaniel, 
ORNL-AMPIC-1 (July 1965) .* 

4. Bibliography of Atomic and Molecular Processes for 1964, 
by C. F. Barnett, D. A. Griffin, M. O. Krause, J. A. Ray, J. W. 
Hooper, D. W. Martin, E. W. McDaniel, and E. N. Thomas, 
ORNL-AMPIC-3 (March 1966) .* 

5. Directory of International Workers in the Field of Atomic 
and Molecular Collisions, September 1965, ORNL-AMPIC-2 
(October 1965) .* 

6. Automated Computer Tape Program for Estimation of 
Physical Properties of Materials for which no Measurements Exist 
(available from the American Institute of Chemical Engineers, 
345 East 47th Street, New York, N.Y. 

7. Photonuclear Data Index, prepared by Photonuclear Data 
Group, Radiation Physics Division, NBS, NBS Misc. Publ. 277 
(55 cents) 7 

8. Status Report—National Standard Reference 
April 1966, NBS Tech. Note 289 (50 cents) .’ 

9. Information Handling in the National Standard Reference 
Data System, by F. L. Alt, NBS Tech. Note 290 (25 cents) . 

10. Bibliography of Flame Spectroscopy, by Radu Mavrodineanu, 
NBS Misc. Publ. 281 ($2) .* 

11. A Bibliography on Ion-Molecule Reactions, January 1900 to 
March 1966, by F. N. Harllee, H. M. Rosenstock, and P. T. 
Herron, NBS Tech. Note 291 (30 cents) .’ 

12. Coblentz Society Specifications for Evaluation of Infrared 
Reference Spectra, by Board of Managers, Coblentz Society, Anal. 
Chem. 38, No. 9 (Aug. 1966), available on request from Office 
of Standard Reference Data or Coblentz Society. 


Data System, 


' Available from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402, for the price indicated. 

“ These publications are in press and should be available this year. 

‘ Available from the Office of Standard Reference Data, National Bureau 
of Standards, Washington, D.C. 20234. 

* Available from Atomic and Molecular Processes Information Center, Oak 
Ridge National Laboratory, Post Office Box Y, Oak Ridge, Tenn. 37831. 
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PUBLICATIONS of the National Bureau of Standards* 


PERIODICALS 


Te nical News Bulletin, Volume 51, No. 5, May 1967. 15 cents. 
nual subscription: $1.50. 75 cents additional for foreign mail- 
inz. Available on a 1-, 2-, or 3-year subscription basis. 
Jou. nal of Research of the National Bureau of Standards: 
Section A. Physics and Chemistry. Issued six times a year. An- 
nual subscription: Domestic, $5; foreign, $6. Single copy, $1. 
S-ction B. Mathematics and Mathematical Physics. Issued 
quarterly. Annual subscription: Domestic, $2.25; foreign, 
$2.75. Single copy, 75 cents. 
Section C. Engineering and Instrumentation. Issued quarterly. 
Annual subscription: Domestic, $2.75; foreign, $3.50. Single 
copy, 75 cents. 


OTHER NBS PUBLICATIONS 


Microwave attenuation measurements and standards, R. W. Beatty, 
Mono. 97 (Apr. 3, 1967), 25 cents. 

Bibliography on flame spectroscopy. Analytical applications 1800 
to 1966, R. Mavrodineanu, Misc. Publ. 281 (Feb. 23, 1967), $2. 

Bibliography of low energy electron collision cross section data, 
L. J. Kieffer, Misc. Publ. 289 (Mar. 10, 1967), 50 cents. 

ASTM metric practice guide, Handb. 102 (Mar. 10, 1967), 40 
cents. 

A survey of ionization vacuum gages and their performance char- 
acteristics, W. G. Brombacher, Tech. Note 298 (Feb. 3, 1967), 
40 cents. 

Methods for performance-testing of electromechanical pressure 
transducers, P. S. Lederer, Tech. Note 411 (Feb. 9, 1967), 25 


cents. 
PUBLICATIONS IN OTHER JOURNALS 


This column lists all publications by the NBS staff, as soon after 
issuance as practical. For completeness, earlier references not pre- 
viously reported may be included from time to time. 


CHEMISTRY 


Determination of the composition of complexes and their insta- 
bility constant by calorimetry. II. The complex in fused potas- 
sium chloride and cadmium chloride, W. H. Metzger, Jr., A. 
Brenner, and H. I. Salmon, J. Electrochem. Soc. 114, No. 2, 131- 
138 (Feb. 1967). 


Influence of paramagnetic resonance on the static susceptibility. 
The lattice-bath relaxation time of neodymium ethyl sulfate, 
G. A. Candela and R. E. Mundy, J. Chem. Phys. 46, No. 1, 47-54 
(Jan. 1, 1967). 

Measurement of optical constants: optical constants of liquid 
mercury at 5461 A, L. E. Smith and R. R. Stromberg, J. Opt. Soc. 
Am. 56, No. 11, 1539-1542 (Nov. 1966). 

Mossbauer spectrometry, J. R. DeVoe and J. J. Spijkerman, Anal. 
Chem. 38, 382R-393R (1966). 

Nitrogen on rhenium observed with the field emission microscope, 
R. Klein and J. W. Little, Surface Sci. 6, No. 2, 193-207 (Feb. 
1967). 

Nitrogen sorption measurements and surface areas of hardened 
cement pastes, C. M. Hunt, Highway Research Board Symposium 
on Structure of Portland Cement Paste, Washington, D.C., 
January 1965, Highway Research Board Special Report 90, 112 
122 (1966). 

Nonstoichiometric Al5-type phases in the systems Cr-Pt and Cr-Os, 
R. M. Waterstrat and E. C. van Reuth, Trans. Met. Soc. AIME 
236, No. 8, 1232-1233 (Aug. 1966). 


Photoionization efficiency curve for SF, in the wavelength region 
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1050 to 600A, V. H. Dibeler and J. A. Walker, J. Chem. Phys. 44, 
No. 12, 4405-4406 (June 15, 1966). 

Photoionization of n-butane at 1067-1948 A. Decomposition of the 
parent ion and superexcited molecule, P. Ausloos and S. G. Lias, 
J. Chem. Phys. 45, No. 2, 524-535 (July 15, 1966). 

Pressures exerted on complete dentures during swallowing, M. 
Ohashi, J. B. Woelfel, and G. C. Paffenbarger, J. Am. Dental 
Assoc. 73, No. 3, 625-630 (Sept. 1966). 

Production and reaction of atomic fluorine in solids. Vibrational 


and electronic spectra of the free radical HNF, M. E. Jacox and 
D. E. Milligan, J. Chem. Phys. 46, No. 1, 184-191 (Jan. 1, 1967). 


Proposal for the practical measurement of pH in amphiprotic 
and mixed solvents, R. G. Bates, Intern. Union Pure Appl. Chem. 
Info. Bull. No. 26, 50-54 (Aug. 1966). 


Recent advances in U.S.A. research on dental amalgams and pos- 
sible applications, G. C. Paffenbarger, Intern. Dental J. 16, 
No. 4, 450-465 (Dec. 1966). 

Structural interpretation of immiscibility in oxide systems: IV, 
Occurrence, extent, and temperature of the monotectic, E. M. 
Levin, J. Am. Ceram. Soc. 50, No. 1, 29-38 (Jan. 1967). 

Study of D.O ice as a cold-neutron source, J. J. Rush, D. W. Con- 
nor, and R. S. Carter, Nucl. Sci. Engr. 25, 383-389 (1966). 


The determination of bound styrene in soluble high styrene-buta- 
diene resins, M. A. Post, J. Paint Tech. Eng. Official Digest 38, 
No. 497, 335-342 (June 1966). 


The determination of heats of formation of refractory compounds, 
G. T. Armstrong and E. S. Domalski, Proc. 4th Meeting Inter- 
agency Chemical Rocket Propulsion Group, Working Group on 
Thermochemistry, Kennedy Space Flight Center, Florida, Mar. 
16-18, 1966, I, No. 108, 15 (Chemistry Propulsion Information 
Agency, Silver Spring, Md., June 1966). 

The determination of mercury in latex paints and paint films con- 
taining mercury fungicides, H. W. Berger, J. Paint Tech. Eng. 
Official Digest 38, No. 498, 371-376 (July 1966). 


*Publications for which a price is indicated are available by 
purchase from the Superintendent of Documents, U.S. Government 
Printing Office, Washington, D.C. 20402 (foreign postage, one- 
fourth additional). The NBS nonperiodical series are also avail- 
able from the Clearinghouse for Federal Scientific and Technical 
Information, Springfield, Va. 22151. Reprints from outside journals 
and the NBS Journal of Research may often be obtained directly 
from the authors. 


CLEARINGHOUSE BIBLIOGRAPHIC JOURNALS ** 


U.S. Government Research & Development Reports. Semi- 
monthly journal of abstracts of R. & D. reports on U.S. Govern- 
ment-sponsored projects and list of current projects. Annual 
subscription (24 issues): Domestic, $30; foreign, $37.50. Single 
copy, $2.25. 

Government-Wide Index to Federal Research & Development 
Reports. Companion publication to preceding; semimonthly index 
to reports and projects announced in Nuclear Science Abstracts, 
Scientific & Technical Aerospace Reports, Technical Abstract Bul- 
letin, and U.S. Government Research & Development Reports. An- 
nual subscription (24 issues): Domestic, $22; foreign, $27.50. 
Single copy $1.75. 

Technical Translations. Semimonthly journal providing lists and 
indexes of translations into English or western languages by trans- 
lators in the United States or abroad. Annual subscription (24 is- 
sues) : Domestic, $12; foreign, $16. Single copy, 60 cents. 


**U.S. Government Research & Development Reports, Govern- 
ment-Wide Index, and Technical Translations are sold by the 
Clearinghouse for Federal Scientific and Technical Information, 
NBS, U.S. Department of Commerce, Springfield, Va. 22151. 
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OFFICIAL BUSINESS 


The boundaries and numbers of con- 
gressional districts for the 90th Congress 
(1967-1968) are shown on this colorful 
reference map issued by the Bureau of the 
Census. Printed on a single sheet (30 x 42 
inches) and using a scale of 1:5,000,000, 
this map also shows the names and bound- 
aries of States and counties. Of particular 
interest are the boundaries for districts in 
24 States that redistricted for the new 
Congress. 

This map is No. 11 in the Census Bureau 
series, GE-50, United States Maps. All 
GE-50 maps are available from the Super- 
intendent of Documents at 50¢ each. 


Congressional Districts 


FOR THE $0" CONGRESS 


No. 1—Population, Urban and Rural, in the United States: 1960; No. 2—Standard Metropoli- 
tan Statistical Areas of the United States and Puerto Rico: 1962; No. 3—Congressional Dis- 
tricts for the 89th Congress (1965-1966); No. 4—Housing Built Before and After 1950 in 
Standard Metropolitan Statistical Areas of the United States: 1960; No. 5—Housing Owned 
and Rented in Standard Metropolitan Statistical Areas of the United States: 1960; No. 6— 
Families With Incomes Under $3,000 in 1959, By Counties of the United States: 1960; No. 
7—Older Americans in the United States, By Counties: 1960; No. 8—Per Capita Money 
Income for 1959, By Counties of the United States; No. 9—Population with High School Educa- 
tion or More, By Counties of the United States: 1960; No. 10—Youths of 16 and 17 years of 
Age in School, By Counties of the United States: 1960; No. 12—Employment in Manufactur- 
ing, By Counties of the United States: 1960; No. 13—Employment in Professional, Technical, 
and Kindred Occupations, By Counties of the United States: 1960 
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